Xenorhabdus indica KB-3, a well-known protease producer, was isolated from its entomopathogenic nematode symbiont Steinernema thermophilum. Since medium constituents are critical to the protease production, the chemical components of the selected medium (soya casein digest broth) were optimized by rotatable central composite design (RCCD) using response surface methodology (RSM). The effects of all five chemical components (considered as independent variables), namely tryptone, soya peptone, dextrose, NaCl, and dipotassium phosphate, on protease production (dependent variable) were studied, and it was found that tryptone and dextrose had maximum influence on protease production. The protease production was increased significantly by 66.31% under optimal medium conditions (tryptone-5.71, soya peptone-4.9, dextrose-1.45, NaCl-6.08, and dipotassium phosphate-0.47 in g/L). To best of knowledge, there are no reports on optimization of medium component for protease production by X. indica KB-3 using RSM and their application in fibrinolysis. This study will be useful for industrial processes for production of protease enzyme from X. indica KB-3 for its application in the field of agriculture and medicine.
Introduction
Xenorhabdus is a unique genus of bacteria, which is symbiotically associated with entomopathogenic nematode of genus Steinernema. Xenorhabdus spp. are known to produce a plethora of secondary metabolite-like antibiotics (xenorhabdins, xenorxides, xenocoumacins, indole derivatives, nematophin, and xenorhabdicin), toxins (both endo and exo), and extracellular enzymes, namely, lipases, esterases, chitinase, phospholipases, and proteases. These metabolites not only have diverse chemical structures, but also have a wide range of bioactivities with medicinal and agricultural interests. Proteolytic enzymes are recognized by their catalytic type and are classified as aspartic, cysteine, metallo, serine, threonine, and several others that are yet to be classified. Most proteolytic enzymes are classified as metalloproteases. Several researchers have documented the secretion of metalloproteases by Xenorhabdus strains previously [1] [2] [3] . The Xenorhabdus indica KB-3 isolated in the present study produces serralysin type of proteases [4] like few other Xenorhabdus [1, 2, 5, 6] . Serralysin differs from other metalloproteases through their mode of action. Serralysin specially cleaves the peptide bonds, which are associated with hydrophobic residues [7] . Serratiopeptidases have potent anti-inflammatory properties and are particularly useful in posttraumatic swelling, fibrocystic breast disease, and bronchitis. Fibrin is the primary protein constituent of blood clots, which are formed by thrombin. Fibrinolytic activity of serratiopeptidases makes them useful candidates to digest blood clots [8] [9] [10] . Due to these special characteristics, this miracle enzyme has attracted medical interest and its potency as a clinical agent to fight against different diseases is already proved. Isolation of these kinds of metalloproteases from new sources and their mass production are much desired.
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Thirty to forty percent of the manufacture cost of enzyme production industrially is estimated to be the cost of growth medium [11] . For mass production, designing an appropriate fermentation medium is of critical importance in optimizing the product yield. The one-variable-at-a-time is the most frequently used conventional experimental approach, but this strategy not only is time consuming but also requires a large number of experiments because the effect of each factor on enzyme production needs to be investigated individually, and their interaction effect on production process cannot be quantified exactly [12] . On the contrary, statistical optimization of media components by response surface methodology (RSM) includes central composite design for different variables. RSM helps in evaluating the significant factors, model designing to study interaction between different variables and to select the optimum value of variables for maximum desirable response [13, 14] . Therefore, in this study, response surface methodology (RSM) was used to optimize the media components for maximum production of metalloproteases from X. indica KB-3 and its application in fibrinolysis.
Materials and Methods

Symbiotic Bacterial Strain and Culture Conditions. X.
indica strain KB-3, a nematode symbiont, was isolated from Steinernema thermophilum obtained from the soil of Kerala, India. The strain had been identified to be X. indica according to its morphological and molecular characteristics [4] . X. indica KB-3 was maintained on nutrient agar (NA) slants supplemented with 0.04% (w/v) triphenyltetrazolium chloride and 0.025% (w/v) bromothymol blue and subcultured monthly [15] . Seed culture for protease production was prepared by inoculating a single colony of phase I X. indica KB-3 into 50 mL fresh soya casein digest medium [2] . The inoculated flasks were incubated at 28 ∘ C in an incubator shaker (150 rpm) for 48 h.
Screening of the Optimal Nutrient Medium for Protease
Production. For optimum production of protease enzyme, initially, five different media combinations were screened to find a suitable nutrient medium for protease enzyme production, which are as follows:
(1) nutrient broth (peptone-5 g, beef extract-3 g, and NaCl-4 g per liter) supplemented with skim milk (1%) and gelatin (1%) separately, (2) nutrient broth half strength (peptone-2.5 g, beef extract-1.5 g, and NaCl-2 g per liter) supplemented with skim milk (1%) and gelatin (1%) separately, (3) soya casein digest medium (tryptone-17 g, NaCl-5 g, soya peptone-3 g, dipotassium phosphate-2.5 g, and dextrose-2.5 g per liter) (all chemicals were purchased from HiMedia Laboratories Pvt. Ltd., India).
The media were inoculated with 2% (v/v) seed culture into 50 mL of respective medium and incubated at 28 ∘ C, 150 ×g rpm for 24 h. Samples were withdrawn at intervals of 3 h up to 24 h and centrifuged at 10,000 rpm for 5 min. The cell pellet was discarded, and the supernatant was preserved at 4
∘ C for enzyme analysis.
Optimization of Physiochemical Variables for Maximum
Production of Protease Enzyme. Tryptone, soya peptone, dextrose, NaCl, and dipotassium phosphate were considered as chemical components while pH, temperature, incubation time, and inoculum percentage were considered as physical parameters for protease production from X. indica KB-3. Before optimization, the important factors were screened by Plackett-Burman (PB) factorial design. After screening, optimization was done by rotatable central composite design (RCCD) using response surface methodology (RSM) by experimental design module of Design Expert-7 (Stat-Ease Inc., Minneapolis, USA). Optimization of the chemical components and physical parameters was carried out separately assuming no interaction took place between these factors. Initially physical parameters were optimized using RSM separately (data not shown) followed by chemical optimization under optimal physical conditions (pH-7.7, temperature-28.0 ∘ C, incubation time-18 h, and inoculum percentage-3%).
Selection of Significant Chemical
Variables by the PlackettBurman (PB) Design. In preliminary studies, "one-factor-ata-time" approach was used to evaluate various factors for their suitability to sustain good production of protease by X. indica KB-3. To determine the significant chemical factors for protease production, a total of five chemical components at three levels (i.e., −1, 0, and +1) were involved in the determination of chemical components: (1) tryptone, (2) soya peptone, (3) dextrose, (4) NaCl, and (5) dipotassium phosphate. Tables 1(a) and 1(b) list the media components, codes, and levels of the different variables of the experimental design. The principal effects of each variable on the protease activity were estimated as the difference between the averages of measurements obtained at both the higher and the lower level. The significance of each variable was determined via Student's -test.
Optimization of Chemical Variables by RSM.
All five chemical components, ( ) tryptone, ( ) soya peptone, ( ) dextrose, ( ) NaCl, and ( ) dipotassium phosphate, were selected to find the optimum chemical components for protease enzyme from X. indica KB-3 using RCCD. The ranges and levels of the variables taken for RSM are listed in Table 2 (a). According to RCCD, the total number of experimental combinations is 2 + 2 + , where is the number of independent variables and is the number of repetitions of the experiments at the centre point. A total of 50 sets of experiments including eight center points were conducted along with different combination of chemical components. Each numeric factor is varied over 5 levels (−2.378, −1, 0, +1, and +2.378), that is, plus and minus alpha (axial point), plus and minus one (factorial points), and zero (center point). The response values ( = protease activity) in each trial were the average of the triplicates. The full experimental plan along with coded variables is mentioned in Table 2 (b). 
Statistical Analysis and Validation of Experimental Modeling.
The data obtained from RSM were subjected to analysis of variance (ANOVA) for analysis of regression coefficient, prediction equations, and case statistics. The experimental results of RSM were fitted using the following second order polynomial equation:
In this polynomial equation, is the predicted response, and are independent variables, is the intercept term, is the linear coefficient, is the quadratic coefficient, and is the interaction coefficient. The statistical model was validated with respect to all variables within the design space. A random set of 5 experimental optimized combinations were used to study the protease production under submerged fermentation.
Enzyme Assay.
The culture broth centrifuged at 10,000 rpm for 5 min was used as enzyme source. Protease activity was measured by incubating 150 L enzyme solution and 250 L of 2% w/v azocasein (Megazyme) in water bath at 30 ∘ C for 30 min [16] . After incubation 1.2 mL of 10% trichloroacetic acid was added to stop the reaction and the mixture was allowed to stand for 15 min followed by centrifugation at 10,000 rpm for 5 min to remove any undigested azocasein. NaOH (1.4 mL) was added to final reaction supernatant and OD was determined using spectrophotometer at 440 nm. The one unit of enzyme was defined as the amount of enzyme required to produce an absorbance change of 0.01 in 1 cm cuvette under the standard assay conditions.
Purification and Characterization of Protease Enzyme.
Extracellular protease enzyme was extracted from cell suspension grown under optimized soya casein digest medium after 18 h of incubation by centrifugation at 10,000 rpm. Purification and characterization of protease enzyme were carried out as described previously [4] .
Fibrinolytic and Fibrinogenolytic Assays.
Fibrin degradation analysis was performed by modified method of Datta et al. (1995) and Mahajan et al. (2012) [17, 18] . The fibrin gel plate of 1 mm thickness was made by cross-linking of fibrinogen in presence of thrombin. Both fibrinogen and thrombin solutions were prepared in 20 mM Tris-HCl (pH 8.2) containing 0.15 M NaCl. Five microliters of human fibrinogen solution (10 mg/mL) was added to 0.5 mL of human thrombin (50 unit/mL) and allowed to stand for 1 h at room temperature. Then 10 L of the protease enzyme was inoculated onto the plate using agar well assay method. The plate was incubated for 5 h at 37 ∘ C and the presence of the clear hydrolytic zone was measured. A clear zone of fibrin hydrolysis confirms the presence and the potency of the fibrinolytic activity. Plasmin from human plasma (Sigma-Aldrich) was used as positive control.
Results
Screening of the Optimal Nutrient Medium for Protease
Enzyme Production. Among different growth media, the highest proteolytic activity (955.68 U/mL) was observed in soya casein digest broth after 18 h, and 832 U/mL activity was observed with skim milk supplemented nutrient broth. Therefore, soya casein digest broth was selected for further optimization study using statistical approaches. Physical parameters were optimized first (optimized physical factors: pH-7.7, temperature-28.0 ∘ C, incubation time-18 h, and inoculum percentage-3%) followed by optimization of different chemical components of soya casein digest medium using COVT method, Plackett-Burman design, and response surface methodology (RSM).
Optimization of Chemical Factors by Change One Variable
Per Time (COVT) Method. Standard chemical composition of soya casein digest broth in g/L was tryptone-17.0, soya peptone-3.0, sodium chloride-5.0, dextrose-2.5, and dipotassium phosphate-2.5. The effect of the five factors, namely, tryptone, soya peptone, sodium chloride, dextrose, and dipotassium phosphate, was studied on protease production using COVT method. Protease production was observed over a broad tryptone range (2.5 to 22.5 g/L). The optimum tryptone concentration for protease production was determined to be 5.0 g/L. Protease production increased consistently with the increase in tryptone concentration from 2.5 to 5.0 g/L and decreased with further increase in tryptone concentration (Figure 1(a) ).The optimum concentration of soya peptone for protease production by X. indica strain KB-3 was estimated to be 5 g/L, producing 1453 U/mL within 18 hrs (Figure 1(b) ). The effect of salinity on protease production in X. indica was studied in terms of NaCl concentration. The NaCl concentration was varied from 1 to 10 g/L and maximum protease production was observed at 6 g/L NaCl concentration (Figure 1(c) ). The effect of dextrose and dipotassium phosphate was also studied on protease production. Slight improvement in protease production was observed when dextrose concentration increased from 0.5 to 1.5 g/L, and beyond this concentration, the activity gradually decreased. Optimum concentration of dextrose was found to be 1.5 g/L (Figure 1(d) ). The optimum concentration of dipotassium phosphate was found to be 1.0 g/L (Figure 1(e) ).
Selection of Significant Chemical Variables by the PlackettBurman (PB) Design.
A total of five variables were analyzed for their effects on protease production using PlackettBurman design. The PB design matrix selected for the screening of chemical components for protease production and their respective response are shown in Table 1(b) . Estimated effect and analysis of variables for protease production from PB design experiment are shown in Table 3 . In this study, only three factors, namely, soya peptone ( ), dextrose ( ), and NaCl ( ), having low value ( value < 0.05) were identified to be the significant variables for protease production, but tryptone ( ) and dipotassium phosphate ( ) were identified as insignificant variables because of high value. Tryptone is the main protein source of the medium, and during COVT experiments, it was found that the tryptone is one of the important factors and had major influence on protease activity, whereas potassium is a known inducer for alkaline proteases [19] . Therefore, all of the above five factors were considered for further optimization studies. A large studentized effect, either positive or negative, indicates a large impact on response. All chemical components except dipotassium phosphate had a positive effect on the protease production. The acceptability of the model was calculated and the variables showing statistically significant effects were screened via Student's -test for ANOVA (Table 3 ). The Model -value of 19.00 implies the model is significant. There is only a 0.13% chance that a Model -value could occur due to noise. The predicted -squared of 0.7624 is in reasonable agreement with the adjusted -squared of 0.8911. An adequate precision measures the signal to noise ratio. A ratio greater than 4 is desirable. In this study, model ratio of 13.562 indicated an adequate signal.
Optimization of Different Chemical Variables Using RSM.
RSM was used to evaluate the relationship between different independent variables and their interactive effects on protease production by X. indica KB-3. All five chemical variables which showed effect on protease production in PB design, namely, tryptone ( ), soya peptone ( ), dextrose ( ), NaCl ( ), and dipotassium phosphate ( ), were examined through RSM following RCCD matrix. The experimental data along with the actual and predicted yield of protease obtained is given in Table 2 (b). The results obtained after RCCD were subjected to analysis of variance (ANOVA) and fitted with the polynomial equation (1 
where is the response (protease activity in U/mL) and , , , , and are the coded values of the independent variables, namely, tryptone, soya peptone, dextrose, NaCl, and dipotassium phosphate, respectively.
The ANOVA showed suitability of the model for protease production. The quadratic type model was produced, and all the effects were considered significant ( < 0.05). The linear terms of , , and were significant at < 0.05 level. The result showed that linear effect of and as well as the interactive effects of , , and was not significant, and therefore these terms were removed from final model equation. After excluding insignificant model terms and , models become nonhierarchical. To avoid nonhierarchy, only interactive terms , , and were excluded and parameters were recalculated (Table 4) . Among the linear terms, the main effects of tryptone and dextrose on protease enzyme production were most significant as evident from their respective values ( ≤ 0.0001 and = 0.0002). The aptness of the model was checked by the coefficient of determination ( 2 ), which was calculated to be 0.9747, indicating that 97.47% of the variability in the responses could be explained by the model. The computed -value of 0.83 suggests insignificance of the lack of fit. The model was found to be highly significant and sufficient to exemplify the actual relationship between the response and the significant variables as indicated by the small model value ( < 0.05), large lack-of-fit sum of square value (19313.66). The predicted coefficient of determination (predicted 2 = 0.9384) is in reasonable agreement with the adjusted coefficient of determination (adjusted 2 = 0.9612). Significance of fifteen model terms ( , , ,
, 2 , 2 , and 2 ) and an adequate precision of 27.29 acknowledged low signal to noise ratio (a ratio greater than 4 is desirable) ( Table 4) .
Response Surface Analysis for Influence of Variables on
Protease Production. To analyze the effects of the independent variables and interactive effects of each independent variable for maximum protease production, 3D response surface curves and the 2D contour plots were drawn against two experimental variables while the other variables were maintained constant at its central level (Figure 2) . Figure 2 (a) showed the effect of tryptone and dextrose on protease production while the other three variables were fixed at their middle level (soya peptone-5, NaCl-6 and, dipotassium phosphate-1 in g/L). Increasing tryptone concentration from 3.0 to 7.0 g/L significantly increased the protease activity from 1350 to 1596 U/mL at a low dextrose concentration (1.5 g/L), but thereafter no significant increase in protease activity was observed. Results also showed that when the initial dextrose was beyond level + , the protease activity decreased. The 3D plot and its respective contour plot expedited the identification of the optimal levels of tryptone and dextrose. The optimal concentration of tryptone was around 5.71 g/L and dextrose was around 1.45 g/L.
Figures 2(b) and 2(c) showed the interaction of variables dextrose, tryptone, and dipotassium phosphate and their interaction on protease production. When tryptone concentration was near neutral value, the increase of dipotassium phosphate concentration from 0.75 to 1.13 g/L resulted in higher protease production. The optimal concentration of dipotassium phosphate was observed near 0.97 g/L. There was significant interaction between dextrose and dipotassium phosphate (Figure 2(c) ).
Optimization of enzyme production was carried out numerically by using Design Expert software, version 8.0.7.1, to evaluate the optimum values for each variable from the model. In optimization process, the goal for each variable was to select a range which could provide the highest protease activity. On the basis of experimental design and developed model, the experiment was carried out under optimal conditions for maximum protease production by X. indica KB-3. The predicted protease activity was 1575.11 U/mL under the optimum conditions, that is, tryptone-5.71, soya peptone-4.9, dextrose-1.45, NaCl-6.08, and dipotassium phosphate-0.47 in g/L. The model was validated by comparing the observed and predicted value from model equation (1). Points above or below the diagonal line showed area of over-and underprediction for protease activity (Figure 3 ). For validation of overall model and optimized condition, experiments were carried out under predicted optimal conditions. The experimental protease activity 1589.42 U/mL under optimized condition was in close agreement with the predicated protease activity. Therefore, the model developed was reliable for predicting the optimal conditions for variables influencing the protease production by X. indica KB-3.
Fibrinolytic Activity of Purified Protease.
Fibrin plate method for fibrinolytic activity was tested and found positive for purified protease enzyme. After incubation at 37 ∘ C, plates of fibrin inoculated with protease showed relatively bigger zone (15 mm) of hydrolysis than that of plasmin (Figure 4) , which confirms fibrinolytic activity of purified protease and its serralysin kind of nature.
Discussion
X. indica is a potent producer of proteolytic enzymes and medium composition can significantly affect their production. This is the first ever optimization study on alkaline metalloproteases produced from Xenorhabdus sp. This study was concentrated on the optimization of the medium composition for the protease production from X. indica KB-3 through central composite design falling under response surface methodology (RSM) by experimental design module of Design Expert-7 (Stat-Ease Inc., Minneapolis, USA). The use of RSM empowers a better understanding of the possible interactions between all chemical component variables. The model developed in the present study supports the analysis of the influence of the chemical components on protease activity of X. indica KB-3. The CCD experiment was very helpful in deciding the optimal concentrations of individual chemical components and determining the interaction effects among the factors. Significant interaction between tryptone and soya peptone ( ), tryptone and dextrose ( ), tryptone and dipotassium phosphate ( ), soya peptone and dextrose ( ), dextrose and NaCl ( ), dextrose and dipotassium phosphate ( ), and NaCl and dipotassium phosphate ( ) revealed their importance in the production medium for maximum production of protease enzyme. The regression analysis showed that the interaction of different chemical variables opted in this study was significant. The model was validated by comparing the observed and predicted values at the optimal value and experiments were carried out under optimized condition. After optimization, an overall 66.31% increase in protease activity was achieved, which confirms the reliability of model for predicting the optimized condition.
Further purification and characterization of protease were carried out and approximately 8-fold purification was achieved. Characterization of protease, based on different pH and temperature, showed optimum protease activity at 34 ∘ C at pH 8.2. Different protease inhibitor study and MALDI-TOF/TOF analysis revealed its resemblance with serralysin type alkaline metalloproteases from Xenorhabdus nematophila (NCBI accession number: gi/300724813) [4] .
Fibrinolytic activity confirms the serralysin nature of purified alkaline metalloproteases of X. indica. Area of zone of hydrolysis on fibrin plate was around 15 mm, which is almost equal to that of plasmin (16.5 mm). Therefore, it can be assumed that protease of the present study has stronger fibrinolytic activity like plasmin. The size of the clear hydrolytic zone did not change in the presence of plasminogen, suggesting that protease was a plasmin-like protease, which could directly degrade fibrin but not plasminogen activators such as urokinase (UK), streptokinase (SK), and tissue plasminogen activator (tPA). Therefore, secondary effects such as platelet activation related to plasmin formation could be avoided [20] . This is a specific advantage of serralysin over clinically used plasminogen activators. This specific metalloprotease from X. indica shares plasmin-like protease character, where it can be effectively used as new resource for thrombolytic agents and can be used to develop therapeutic agents for the treatment of thrombosis. The formulation may also find several biotechnological applications in ointments for topical application to control the skin inflammations.
Conclusions
To the best of our knowledge, this is the first report on optimization of medium components for protease production by X. indica KB-3 using RSM and their use in fibrinolysis. The optimized medium resulted in 66.31% increase of protease production and the model is found efficient, simple, less time consuming, and importantly significant. This work will be useful for industrial processes for production of protease enzyme from X. indica KB-3 and it also expedites its use in the field of medicine.
